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^omjiutfiT Assisted Instruction (CAI) %any developmeliits, 

*■ ' . ^^^'^ ' : \ 

take place* In order to have the opportunity to^xe^spond to forthcoming 

. . . : - . \ . ' ^ ^ 

new possibilities and requirements in^^a Tleicible way one speeds a 

* 'V' 

"changeable CAI system. 

After having ma^ia<an analysis of the characteristic fimct^ns of an; 
Qjoeratioij^ta: CAI system a concept will pe introduced to implement the 
maiiKTunctions independently* According to tJlis concept it is possible 
''to constri^^Jp a CAI system consisting of rather isolated modules* A CAI 
system structured in such a modijSfer w6y is presented: / 
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[KTRODUCTION 



Computer iJs^ St ed Instruction (CAI) has "become' popular in the last - 

10 years> all §ver the vorld, .Coxirset/are has been presented to tens 

of thousands of students^ mostly in au experimental '^tage. CAI does\ 

not prove to be widely accepted^ practised arid' disseminated^ hoveverv * 

according to. the expectations in the iriitial period. This may be due 

to the problems encountered in creating high q^uality lessons ^ which 

jnight be able to demonstrate the advantages of the new medium in such 

a way that people .other than the creators can be ^^onvinced. A second 

reason aay be the fact that there have been no obvious financial 

^ advantages of CAI in comparison to conventional educati<^al methods 

(I'ielden/1977). Another reason is probably^he unnecessary creation' 

of many different 'authorlanguages and CAI systems. This hampered the 

dissemination of CAI to all levels in education. Within*40 years there 

have been some tens of authorlanguages developed foi^onvenient and 
* ■ " 

problem oriented programming r\Maiiy CAI systems have beeij * specially 
designed^ .some are mall systems, whereas others are large. Seme have 
- specially designed terminals to present the teaching materials 

• . . , * ' ' ' y 

with thoSe system?. " ,1 * ^ 

At the Delft , University of Technology^ Department of Informatics > a 

f r 

' CAI project has been initiated several years ago. The objective of ^he 
, project was research concerning t'he implementation of CAlV using the most 
recent technological> organizational and educational develdpci^nts,. A few 
ccmparative- studies (Bode, 1972; Leiblum>^197l^> Zinn^1969) show that the 
State of the art of CAI has been sufficiently de^felo^d in • 
/ order to' integrate several fundamental aspects Qt different; etreams. 
For such ah enterprise a first stage would )>e to ertime^ate the common*^ 



aspects of both cotcrsewaiie and of the different aulihor language s> 

including the systems, and methods used* to practise CAI* 

This has led to the formulation of a neu concept in the practical 

realization and organization of CAI* This will be termed 'Modular CAI 

An experimental CAI system was designed following this concept to 

evaluate advantages against disadvantages. This'paper will discuss 

ft ' " 

the concept^ its implementation and the present modest experience 

in^'using this eijcperimental CAI system. 



PUMCTIOMAL MAiYSIS 0^ CAI 



Our starting point is an analysis on the magt important functions 
. of a CAJ ^system in-operation. . . ^ 

In CAI the'lesson is stored in the.memoity of the i^emputer. The / 

* ' * * t ' t 

ccattputer*s me^in task is to entertain a dialogue with the terminal. 

This shouli lead to a certain transport of ipform^ion from aiid to 

the student. This tvo-vay system of transportation is guite essential 

in CAI> ^both in order to^aintain a good^ functioning of the a\^ogue 

during- ail sessions ahd to. record the performance of the 

students for the measurement by the teaphej^ of the impact of the 

lessons oji the student. This means that except for presenting lessons>^ 



^senting 
)e Kept 



also a record of the activities of the students must be Kept for 
analysis later * ^ * ^ ' 

The teacher who. designed a lesson> 'whether on his ovn or in a team> 
should be able ■ to^ evaluate "continuously the quality of the lesson on 
the basis of the registered activities of the student. 
The fact that many teachers and students are involved in the same CAI 
process means that one of s the most iniportant functions^ of CAI is the 

^stribution of data, / ^ 

/ 

Management ' of all mentioned activities is also one of the main functions 
in CAI, This takes place partiai^ in t^e^ ccmiputer. The just mentioned 
functions are depicted schematically in figure 1* ^ -j^ . * * 

7 ' 

insert figure 1- about here ; 

A closer examination of the functions s^hown igt figure 1 shovs that each 
is a* whole clas.s of ^activities. ^ ' ^ 
For example we mean with the design the completion of the process of 
making a lesson i.e^; ■ / ^ 



I 

~ formulating the olDjectivesi 

- structuring the coursemateriali 

- choice of the educational strategy; - 

- progranuttingi * " , 
^■^ "compilsttdon or translation into a final shape; 



- testing. ^ ^ ' ' ^ ^ ■ 
With the presentation of a lesson ye mean: > ~" ' " 

- presenting the instructional material; 

- analysis of the r^spon^es ftom the stu(^nts; ^ 

- deciding on the^ proceeding of thtf^esson. V 
Recording consists of the storage of: 

-'ail responses of students; ' ■ \ ^ . ' 

- the response times; * ' " 

- the path followed through the lesson* / ^ 
These three elanents, form the * historical data/* , ' 
EvfiJ-uation concerns the analysis of the recorded historical data of 



students and lessons-aii!i of interviews. 3?he olDjective* of this evaluat- 

■ - ; \ * 

^bn picocess is th^. improvement and- adaptation of the lessbns. 
■DistrilDUtion takes place in two directions i.e. the lesson moves from 



the teacher to the student^ whereas historical 'information is given - 
* ■ ■■ * - 

the other way around* ^ ^ ^ - \ ^ " 

Managemfent of the whole process includes a multiplicity of^ctivitie^ 
such as the administration of all data, which should iDe dis^tr^^uted. 
ana. storage and <iistrilDUtion of all identification cod^s of students 
and teachers^ each with their own .authorisations vithiti the CAI^system. 
In the management function also ?uch storage of data i^ includgAfhich 

: ./ . ^ " . ^ ■ 

is required to ^estai?t a lesson after a system failur?^ or other 
disruptions caused by the student. ^ ^'^ * * 



Note that the above enumeration is far from conrplete> e*g. the contact 
between teacher and ^§tud^t on a conventional basis has not been taken^ 
into consider^ation^ 

In the technical realization of CAI ve caii observe two developments ,in 

two *opposilft 'directipns* agsCi'n's? the l^ackgroxmd of figure 1+ * 

On the, one hand there is the existence of J.arge ^operational CAI systems - 

; with up to 500 terminals per computer* such\as PLATO afid IIS of IKt. 
One advantage of this approach is that the letbon> or -at least the 
experience in writing a lesson> is easily exchangeable A disadvantage 
is thje technical aiSnd organisational dependence on one central machine* 

, in which all data of students* t^achers^ and lessons are stfared* 

An entirely different trend is €he usage of small computers yWhich can 
loca^y present' lessons via terminals* The lessons ar^usually developed 
somewhere eljse and distributed mechanically* 

An advantage of this approach is that its small scale allows to involve 

f ■ 

local computers^* already in use for other purposes before CAI .is being 
introduced* This is why the costs ^e perceived to be lov* One other 
advantage is the larger flexibility when' new technological developments 
take plaee* A disadvantage i^ that one does not haVe the power of a laige 



\ computer at one*s disposal* 

I . ' 

It is stilly 6tn opeti^ question > however* to what advice the balance of 

the advantages and disadvantages^ of small v^sus large CAI systems vi^ 

lead* For example* the necessity of centralisation is questionable for 

coxirse materials which have taken more, or less firm ^shape after some 

years of e^t^^mentation^ and which are virtually self-supporting* The 

power of V large system is convenient in the early stage of the Mesign 

• ' \ . . . ■ • - 

of a' lesson^ N^en many changes still are to" be made* ^ _ 



A CONCEPT FOR A KEODULAR CAI SYSTEM 



Searching a modular CAI system it was deemed 'important th^t a 
system should have: + i 

- veil define* interfaces i - ' ' 

... . . ' ^ ^ 

- simple possibilities for adding or modifying modoles. - 

The latter possibilities are required in view of iiechnological 
advancement and dhanges*in user demands^ For a system as described 

* a;bove two issues arey important,. 

* Firstly the large diversity in terms of langjiages and systems for which 
many and mostly good teaching materials, are av4ii}.able. 

Secondly the rapid pace of .development of performance^ versus+prices> 
which differ *for all sorts of machines^^Por example, coin(paJ*e %he price 
-._and performance" of very Idrge computers^ of microprocessors with floppy 
or video disks > of intelligent graphical, terminals > of communication * 
linesj etc*" - ^ ^ * 

In the ne^ future- "technological innovations ^ould have great influence 
on the possibilities of the realisation of several functions shown in- 
figure K * \ , ^ 

These coAsi derations werer the re^s^ vhy this concept was formulated* 



The six main functions mentioned ;l)efopte could possibly be executed 
independently bu usdng different computers* ^The only condition 
is that the data to be transferred should have a well;-def ined structure. 
Therefore the distribution^ in particular the characteri^ics and the 
form of what has to be distributed is cent^railr in the" co^ic^t^ as sho^ 
in fi^gjp^e 1 - * ^ ■ ' . 

The functions which sho^d be carried out are principle assumed to 



be independent one of another. In other words: th^^peration of a CAI 
system is in principle independent on the manner of inqjlementation cJjP* 



r 



9. 



the different functions. It is even -possible >that different ways/ 
of impi^i^ntation of one and the same function ^dtai ^xist simultaneously 
in one and the same CAI systemt We refer tp the possibility th^t- some 
lessons can simultaneously be followed by using a large counter in a 
time^sharing system and by using stand-alone intelligent terminals* 
This is considered as important both with respect to the technological 
developments to be expected in the n^ar future as Veil as to the , 
different ^emands'made by the users concerning hardware and 
software in the CAI environmentt The courses should be ^stributed in 
such a form that jtheir execution can be carried out without too many 
readjustmentsj even at different local computers- This form should have 
the nature of a. code io'vhi^h all necessary CAI actions are^T^^resented* 
as a set of instructions* This means that this representation has to 
be some type of^Assembler code> aocecutablfe an4 interpretable by a 



0- 4 



hypothgtical machine (^.g+ *anyinterpreter in a*particular computer) + 
TKls implied that teaching-material which is* written in an authorlanguage 
shoul^ be susceptible for analysis and transfe^by a coWiler into ^his 
CAI assembler code* , 



Hence>this code shoul^d not be more detailed than is required for the 



complete description of the features of the different authorianguages* 

The design of the code should not be^Rmit^ by the restricted possibil- 
ities of (iertain computers + but should meet the conditions imposedjjy T 



:jSindamental CAI Actions* as well as possible/ 



insert figu?e 2 about here^_, 



e defined such a code and termed it- as CAIASCO (CAI 
ASsdmbler COde) as described in figure 2* The compilers and'-intjjarpreters 
can be situated in various kinds of Qcsnqpiiber'St One Compiler is necessary 
fbr each authorlangtaage and J&ne CAIASCO interjjreter is necessary for 



10. 



' each type of computer • The CAIASCO code is^ always identical. In this 
way the courses which are written in one authorlanguage can b,e 
executed by various kinds of comjxiters. We ^shall now give a brief 
descriptipn of this CAIASCO code* , ^ , ■ . 



CAIASCO 



Analyzing the different kinds of author languages we found that 

is^/'Wfetch all are part 



their facilities all exist o'f a chdin of actions 
of a limited set> such as: 

^ 1 send a text to the teriain^l^r' 

2 move the cursor on the display panel; 

3 ^send a picture to the terminal; 
^ execute a calc\ilation;^ > 
5 sei a clfcckj , ^ ^ ^ 
^ wait for a response from- the stxident; 

7 switch the response processor; 

8 analyze a response; 4 

9 test a* condition; ' . ^ ^ " 
10 jump to another part of the lesson. 

Som^e actions h^Ve^ a ^uit? broad and gehe|^al si^ificance> like action 
* \~y while others are rather technical or apply dnly to the features of 
one atithorlangxiage > like action 7- The number of such elementayl/ CAI 
^activities necessary to Uescribe. niost of the author languages turns out ' 
to be no larger than about one hundred* The actions involved \ 
in theste activities are so elementary that^ only from their appearance or 
from charaAgristic sequences of c^ch actions we* can recognize what' , 
authorlanguage is in U"se. 



* Dug to the el^Hjntary nature of these actions it is nol^ simple to 

vJrite a lesson in such a code- 'ifii'the st^jtfcture or the CAIASCO code 

, ■ * . , . . ' 

we took mor,« account of the possibilities to make an interpreter 

thah of the readability for users. However, the code remains readable 

like usual assembler codes* ^ ■ 

An other important starting point was that the code had to be such 

that the descripti6n- of a course in a nev author lan^age should not^ * 

require changes in the code: the code will at most undergo some , 

extensions, (cf • Wiechers^ 1975 and Van d^r Mast and Van der VaII^ 

- 1976 i*or a complete description of CAIASCO, ) , ' ' 
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THE-MOpUIiAR CAI SYSTEtTlN DELFT 




A CAI system haa been designed and^implepented for our research in 
order to try out the new concept (Van der^Mast, 1977)+ The system is 
functionally^ split up over 'sief\re/al coniputers^ 'see figure 3* ^ - 

V . . ^ insert figure 3 about he:;e * , * 

Firstly we use an jhi 370/l;58,to transpose the courses which aire fed 

batch or interactively in an authorlanguage into CAIASCO code* 
This CAIASCO code is stored on tape or floppy di^'for further 
distribution to the "presentation computers. The presentation of 
the courses can take place in two ways; " 
/ - By using a dedicated PDP1 1/1^5 (28 kw) -with eight terminals* 

Tiie courses are interpreted in this comput,er. The interpreter 
is patrt of an experimental system (<JaiSYS)> wbiich enables 
-users to follow courses in a multi-access way. The CAIASCO code 
is stored on disk before interpretation takes place* Historical 
information is recorded on tapes, ,The iohtent of these tapes 
call be sorted and analysed by th^ IBM 370/158, see fifeure 3* An 
interactive graphics package for the Sesign of static 
pictures and texts is available at the PDPll/l»5* The pictures 

■ . ' t ■ 

are stored in a device-independent ^picture code during the s^g 
of design^ such that the use of pictures does not depend 
strongly on the use of certain computers or types of teiiainals + 

These pictures may be;^called by name from the lesson^ 

+ - ' 

- We s*tarted dioring tb*vpast year wiih the/ implementation of 

t V 

* ^ an interpreter for a i!iicrocomputer+ This microcoJitputer i^s a 



stand-alone small computer system with^a dual 



^floppy 



disk ^it 



(IiSlH). We decided" for microccaaputers because of the steep 



decrease of their prices and their growing possihiliCies 

,in usage* The diatrihutioa to and from this system has to take 

place by means of floppy disks* 

- i ■ ■ 

Tile development of teaching-^materials ' * 

The design of a course is carried out in the same way as elsewhere* , 
During the "stages of programming ^d input in the ctjJDputer differences 
can arise>^fompared to oith^ systems* Sipce the author language ^PLANIT 
was popidrsTy-n The Netherlands around 1975 it is natural that ye first 
built a compiler for this Language* Thi^ compiler was \nfitten 
in ALGOL and has been operational since two years* The conrpirer informs 
us not only of syntactical bCtt also of a certaii)i nimber of semantical * 

errors* Various courses which were designed somewhere else using 

* ■ ' ' ' 

a PLMIT systems' could be transformed into CA31ASC0 without any difficulty* 

At the, moment a compilei*' for a subset of ,TUTdR language Of the :^LATO . ^ 

system is in development* For this purpose the CAIASCO code has to be 

extended with some new actions* This is especially interesting because 

thes^ two languages which do not rfesemble one' another can be derived 

jnto one and the saiie CAlL§gp code* 




The Presentation and Registration " \ - 

* * * * 

CAisys . ■ . 

The^experimental CAI systSem CAISXS contains a CAIASCO interpi^etei; and 
also software for managing and monitoring lessons in a multi-access 
way* Special measures have been taken in order to keep response times 
of the system below two seconds* ^ter technical failures or after 



interruptions of courses, one can, proceed with the courses without 
difficulties* Pour of the terminals have a. vide variety of graphical 



p^sibirities. 
iq^^ng sess: 

.^Xities^ Tl^ey may ^ways evaluate but one arithmetic expression* 
Besides they can define variables and functions necessary Xor ^hei^ 



©igjins sessions students can make use of simple calciilating 



calculations* 



is moi^t 



The pa/^h followed through a course is moi^tored by CAISYS f or use 
dltring the lesson* This information'is not the same as the historical 
data on tape> vhich is for evaluation afterwarGTs* 
In the CAIASOO cod^ reference can be made to pictures* These pictures 
can be inserted during the loading of the C^IASCO code* ^The pictures 
can be designed by using an interactive graphics package and can be 
stared in ^ribraries, see figwre 3. 



CAIMIC 

As a consequence of the latest technical developments in microcoiftputers 
ve are nov amidst the development of a CAIASCO interpreter for a micro- 
computer (CAIMIC)* The possibilities of J^resent^ing coxi^ses vill be ^ 
simij^ar to that in CAlSYS* Students receive a floppy disk vith a aourse 
recorded^n it* Historical da1;a vill be stored an another floj)py disk 
vhich is not available for the student* These stand-alone microcomputers 
le easily 



can be 



transported* 



The use of th^^yst^ ^ ^ ' * 

m 

1 

We distinguish 3 categories of vl^&s of the system? 

- teachers^ authors and programmer's i 

- the manager; o 
^ students * ' 

The set up of the system makes an interactive design of courses ^ 
impossible^ so that the author canngt follov the course in a student- | 



mode in order to test it- ^ ' ' . ' 

Ext>erience shows that writing a cotirse is not as simple as we 

^ thought and it is not advisable to present the course- 
ware on theXdisplay in a.Jpp, early stage^of the design: the actual . ' 

/design and structuring process should not take place at a termiSlal* 
Experience also shows that progranmuig- shoul^ be c^ried out by prograosners 
in the design team. In oxir-'case* the* task of the prograiniEer is not to 
make a good run of a lesson but to write parts of a lesson iri'the 
authorlanguage and to convert it into CAIASCO> using the appropriate 
compiler. The manager of the CAI s^rstem can then take careS^^he CAIASCO' 

code such tliat the coxirse can be followed at terminals* A coxirse in such^ 

* \ ^ » * 

a design phase\should be evUluatjed on its correctness > Should be judged. 

didactically and tried out by ot?her persons of the design team. The 

necessary changes 'a^d corpec^ons Can then be communicj^ted to the 

progryngier. * ^ ^ * 

The task of the manager of the system is to insert the CAIASCO code into 
the CAISYS subsystem. It is also his task to do the accounting of 
students and lessons in CAISYS and to distribute ,^as swords to s^ude^ts* 
He should take care of all tapes contaiSiing historical data and it is 
Kis duty that all evaluation programs are av^lable at the large computer; 

r 

The students are the most importairt users of the system. The objective 
they haye to take place at the terminal is simple^ they want to learn 
something from the courses. The CAI system itself can contribute . 
to the learning process by being as^inconspicuous as possible to the 
student- <Phe characters sbeuld^e well readabl? and the response time 
should not be t'oo long< The terminal xust be siinple in usel Also the 
in- and outl'ogging procedures should be simple. In this Respect the " . * 
CAI system will not differ too much from other CAI systems. _ . 
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CONCLUSIVE PEMABKS 




\ 




The joodxilar CA'I system here destjpibed yas built in order to check 
the fundamentals of the underlying concept in praci^ice. R^s$arch 
^j^jn this project is being doner particxilarly in the area of computer 
technologx* In lirfe with this approach the organisation and planning 



/ 



were not meant to produce a' large number of coupes* 
Experience vith 'large numbers of students' an^^ authors is also not 
available until no^* Technipally the systeia is functioning in 
accordance vith our expectations^ however* 

In the -near* future the system will be used more intensivelVby 
lec^Eurers!-and students at the IJelft University of Technologjc/'^ 
The extension the system will undergo with the compiler for the TUTOR 
subset and 'the CAIASCO interpretfer for a stand-alone mi^crocoiaputer 
system will enable us to test the ^Aiangeability and the flexibility , 
.bf thj,&. modxilar CM ^tem* ^ ^ 
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